Potassium bishydridobis(tetrazol-l-yl)borate (1) has been synthesized from KBH4 and tetrazole and characterized spectroscopically. Its crystal structure has been determined. 1 crystallizes in the monoclinic space group P2 Jn with a = 537.8(2), b = 1703.5(9), c = 919.6(3) pm, ß = 106.12(3)° and V = 809.4(6) • 106 pm3.
Introduction
The poly(pyrazol-l-yl)borate anions [R"B(pz)4_J~ (pz = pyrazolyl or C-substituted derivative there of, n = 0 -2 , R = non-coordinating substituent) have developed into very popular ligands in co ordination chemistry [1] and are widely used as chelating agents in the study of transition-m etal [2] or m ain-group elements [3] . Also, the chelate chemistry of analogous ligands, where pyrazolyl is replaced by 1,2,4-triazolyl [4] or benzotriazolyl [5 ,6] , is recently receiving increased attention. Surprisingly, however, we are not aware of any re ference to an azolylborate based on the tetrazole heterocycle.
As the chemical properties of complexes con taining poly(pyrazolyl)borate ligands may be al tered considerably by changes in the substitution pattern o f the pyrazolyl ring [1 , 2 , 6] , we attem pted the synthesis of the new poly(tetrazolyl)borates with possibly modified electronic properties. In this com m unication we describe a satisfactory preparation, as well as the structural characteriza tion of potassium bishydridobis(tetrazolyl)borate (1 ), a useful starting material for the preparation * Reprint requests to Dr. Christoph Janiak.
Verlag der Zeitschrift für Naturforschung, D-W-7400 Tübingen 0932-0776/93/0300-0394/$ 01.00/0 of many metal complexes. Furtherm ore, we note that ligands with a larger num ber of bonding cen ters (here three nitrogens in each tetrazolyl ring) are of interest for the development of structure/ reactivity models of certain metal-biomolecules and for polyelectronic systems [7] ,
Results and Discussion
In consonance with earlier reports on the syntheses of poly(azolyl)borates [8] , potassium boranate (K B H 4) was found to react with tetrazole (C H ,N 4) . When a mixture of KBH4 and tetrazole is heated to about 100 C two moles of H 2 are evolved and a white solid is obtained whose ele mental analysis is consistent with the potassium bishydridobis(tetrazolyl)borate formula (1 ) .
Attem pts to obtain the tris-or tetrakis (tetrazolyl)borate anions through reaction at higher tem peratures were so far unsuccessful. Tetrazole decomposes above 170 °C. 1 is air stable and its so lutions in H 20 are not hydrolyzed over at least a two-m onth period, as shown by N M R spectro scopy. The 'H or ,3C N M R spectra of 1 show that both rings are equivalent. It was not possible, how ever, to decide if the tetrazolyl moiety was bonded to boron through the N -l or N-2 position. There fore, the structure was determined by single-crystal X-ray diffraction. Fig. 1 shows an ORTEP [9] drawing of the anion of 1. The equivalency of both rings in their bond ing to boron is verified, and an N -l connectivity is established. The B -N , C -N, and N -N bond lengths, as well as most bond angles are not much different from those of the bis-or tris-(pyrazolyl)borate ligands [10] or tetrazolate com plexes [11] . We only note that the "inner" N -N bonds N 2 -N 3, and N 6 -N 7 are shorter by about 4 pm than the neighboring N -N bonds. The same effect has been observed in structures of the tetra zolate ion [11] , Fig. 2 illustrates the coordination environment for the potassium atom s in 1. The potassium coor- 149.23 (7), N 4 '-K -H 153. 3(6) , N 6 -K -H 52.0(5), N 3 -K -N 4 ' 87.73(8) , N 3 -K -N 4 ' 87.11(7) , N 7 -K -N 4 ' 80.86(8) , N 8 -K -N 4 ' 80.29(8) ; the angles in the equatorial plane lie between 88.05 and 90. 85 (167.94(8) for the trans nitrogens). dination sphere consists of a distorted octahedral nitrogen polyhedron, the distortion being proba bly due to the coordination of a hydrogen from a B -H group. Agostic B-H-M bonds are not un usual for polypyrazolylborates containing the li gand [H2B(pz)2] [12] .
Experimental
The experiments were carried out under dried argon. -IR: Perkin-Elmer 540 B. -NM R: Bruker WP 80 SY.
Procedure A ( without solvent): In a 50 ml flask equipped with a gas meter an intimate mixture of 2.16 g (40 mmol) K B H 4 and 6.17 g (88 mmol) tetrazole was heated to about 70 °C. At this tem per ature a brisk hydrogen evolution started, and in a few minutes about 90% (-1.8 1) of the estimated hydrogen were evolved, after which the gas evolu tion quickly subsided. A porous soft material was obtained. The tem perature was raised to 100 °C and the reaction allowed to continue for one hour during which, however, only an additional 0.05 1 of hydrogen was collected. After cooling to room tem perature the solid was washed with 50 ml te trahydrofuran (TH F) to remove unreacted tetrazole. Drying in vacuo yielded 6.35 g (83%) o f a snow-white powder.
Procedure B ( with solvent): A mixture of 2.60 g (49 mmol) KBH4 and 7.50 g (107 mmol) tetrazole was placed in a 100 ml flask equipped with a gas meter. U pon addition of 25 ml dimethylacetamide (DM A) a brisk, slightly exothermic hydrogen evo lution started, and a clear solution with only a few undissolved particles formed. The solution was heated to 100 °C for 2 h during which time the gas evolution slowly continued until about 2. C 7H 4BN 8K (190.02) Calcd C 12.64 H 2.12 N 58.97%, F ound C 12.70 H 2. 07 N 58.74%. Crystal data: C2H 4BN8K, M = 190.02, m ono clinic space group P 2 Jn (Nr. 14) with a = 537.8 (2) Table I . Further details of the crystal structure investigation are available on request from the Fachinformationszentrum Karls ruhe, Gesellschaft für wissenschaftlich-technische Inform ation mbH, D-W-7514 Eggenstein-Leopoldshafen 2, on quoting the depository number CSD 56853, the names of the authors, and the journal citation.
